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SUMMARY (3

T

Tests were made to &atemine 'bzaring ¥leld and ultimate strengths
of bare and Alclad 1LS-W- and 148-T' sgheet and plate in thicknesses of
0.064 inch, 0.250 inch, and 0.750 inch. From the results of these
tests 1t was concluded thet the ratios of bearing to temsile properties
for the with-grain direction were essentially the same as proposed in
NACA TN FNos. 901, 920, 97#, end 981 for other high-strength aluwminum-
alloy sheet end plate.

INTRODUCTION

Previous investigations of bearing strength made in the Aluminum
Reseerch Laboratories in connectlion with the design of riveted, bolted,
or pin-comnected Joints have ocovered most of the aluminum alloys used
in sheet or plate form in aircraft structural design (references 1 to 4).
Although bearing-strength date have been given in reference 5 for
148 sheet, the only tests of this alloy appear to be those mede on ..
l/h-ineh-fbhick forged bars and reported in referemce l. In view of the
importance being attached to 148 as e high-strength, gemeral-purpose,
aluminum alloy, some additional investigation of bearing properties was
belleved to be werranted.

The object of these tests was to determine bearing yleld and
ultimate strengths of several thicknesses of 14S-W and 14S-T sheet and
plate and to esteblish approximate ratlios of bearing to tensile properties.

MATERTAT,

Table I glves essentlal data an the tempers, thicknesses, and
tenslle properties of the materiels used for these bearing tests. It
wlll be noted thet both yleld and ultimate &trengths, as well as
elongation values, were consistently higher for the with-grain than for
the cross-grain direction. The greatest differences were observed for
the yleld strengths of the W temper and renged, es shown in table IT,
from 10 to 20 percent. It should also be noted from table II that the
cross-grain tenslle properties were in every ocase slightly higher than

INew Alcoa temper designations: 148-W now 14S-T3 in case of 0.06L-in.
sheet; 14S-Th in case of 0.250- and 0.750-in. plate. 148-T now
IS-T6 1in all cases. '
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published as typical for these alloys and tempers in reference 6. The
maximm differences weire about 10 percent. From these comparisons it——
was concluded that the materlal selected for thls investigation of bearing
strengths wes typical of commercial 14S sheet~and plate.

PROCEDURE

All the bearing tests were made on 2-inch-wlde specimens cut in
duplicate from both the with- and cross-grain directions. Those from the

i—inch-thick plate were machlned to a thickness of-0.250 inch from the

center, whereas bthe specimens from the 0.064-inch and 0.250-inch Alclad
samples were tested in full thickness. The 0.064-inch-thick specimens

woere loaded in bearing on a %;—:anh-dia:me'ber steel pin; those of 0.250-
inch thickness were loaded on & I-inch-dlemeter steel pin.

Edge distances, measured in the direction of stressing from the
center of the hole to the edge of the specimen, were limited in these
tests to 1.5 and 2 times the pin diameter since these distances are the
only cmes for which bearing design values are commonly given (reference 5)

FTigure 1 shows the gensral arrangement for making bearing tests 1n
a 40,000 -pound-capacity Amsler hydraulic testing machine. Hole elomga-
tions, from which values of bearing yleld strength were determined, were
obtalined by measuring the relative movement of the pln and the specimen
by means of a fllar micrometer microscope which could be read directly
to 0.01 millimeter. The projecting portion of the pin on the microscope
slde wes flattemned slightly on the under side to provide a shoulder on
which the reference mark for pin movement was located. A small scratch
on the specimen under the pin provided a reference mark for specimen
movement. - - :

RESULTS AND DISCUSSICN

Teble IIT gives values of bearing yleld end ultimate strength and
types of failure for all the bearing tests. The yleld-strength values
indicated were selected from the bearing stress-lhole selongatlion curves
shown 1n figures 2 to T as the stresses corresponding tc an offset of
2 percent of the pin diameter. )

The general behavior of the 14S specimens in bearing was the same
as previously observed for the other high-strength, wrought-aluminum
alloys tested in the form of sheet and plate. Fallures occurred elther
by shearing out the portion of the specimen above the pin or by a
combination of shear end tensile fracture through the pin hole. Shear
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failures predominated in the 0.064-inch-thick specimens, for which the
ratio of specimen width to pin dlameter was 8 whereas ocmbined. shear and
tensile faillures were obtalned in the ma.Jori'by of the 0.250-inch-thick
specimens, for which the ratio of width to pin diameter was 4. It should
be emphas;t.zed however, that these differences in specimen proportions
were not 1n a range where they had any significant effect on the bearing
properties determined.

Previous tests have indicated no marked difference in with- and
croes-grain bearing properties and the values shown In table ITIT are in
generally good agreement with this observation. The maximm difference
Indicated in te&hle IT was only gbout 7 percent and the average differ-
ences for all tests under any one set of conditions did not exceed
4 percent.

Teble IV glves the ratios cbtalined hetween average bearing and
tenslle strengths. It is quite evident from these data and those given
in teble ¥V that the 148 sheet and plete samples exhibited about the same
'bearing-streng‘bh characteristics as previously observed for other high-
strength aluminum alloys in the same form. The following nominal ratios
of bearing to tenslle properties, which were proposed on the dbasis of
previous tests (references 1l to il-) eppear applicable, therefore, to
alloy 1A4S.

Ratlos for Edge distances

wlith-grain tests

1.5 X pin dlam. 2 X pin diam.

Bearing ultimate
Tensile wltimate 1.5 1.9
Bearing yield

Tensile yleld 1.4 1.6

In three cases in table IV the with-grein ratlos of bearing to
tensile strengths for different thicknesses of 14S-T were as much as

8 percent less than the foregoing nominal ratios. Since these __dﬁe_:;—___'_

ences occurred In 1solated cases, however, involving different prop-
erties or edge distances, they were not consldered as significant as if
mniformly low ratlos had been observed for all tests of any one thickness
or temper. In all other cases in table IV the deflclencles 1ln bearing-
to-tensile strength reatios for the 1iUS samples, when they did exist, wers
less than 6 percent. It should be pointed out that table V shcws'_bnly two
other with-grain ratios (ome for 0.250-inch- and one for 2.00-inch-thick
24S-T plate) that are more than 5 percént less than the nominal ratios

proposed for sheet and plate.

Emphesls has been placed thus far upon ratlos of wilith-grain bearing

to tensile properties because meny of the earlier tests of sheet were
1imited to this direction. The only real need for differentiation with
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respect to dlrectlion occurs in the case of materials exhibiting a marked

difference in tenslle yleld strength in the with- and cross-gralin

directions, resulting from a stretcher-levelllng or flattening operation. .
Since bearing properties show no marked directlonal characteristics, the

same ratios of bearing to tensile properties are not applicable to with-

or cross-grain temsile yleld strengths. The present practice of listing

with-grain tenslle properties in reference 5 greatly simplifies the use

of with-grain ratios in obtaining bearing strengths. It 1s of interest

to point out in this commection that the retlos of cross-grain bearing

to tensile yield strength proposed in reference 4 for 24S-T plate reduce n
to approximately the same ratios as listed herein for the with-grain .
direction, 1f the cross-grain. values are multiplied by the ratio of-the

typlcal cross-grain to with-grain tensile yleld stremgth.

The alloweble bearing yleld stresses listed In reference 5 for
14S-W sheet are somewhat lower, in proportlon to the tumnslle yleld
strength, than given for 14S-T sheet. This difference 1s just opposite
to that observed in these tests for which the yleld ratios were consist=
ently higher for the 148-W. The most importent observation perhaps is
that 1n only two cases do the design stresses in reference 5 correspond
to a higher ratio of bearing to temnsile strength than obtained in these
tests and that the maximm dlfference for these cases was only aboutb
T percent. . A

CONCLUSION )

It was concluded from tests of bare and Alclad 148-W and 1A4S-T sheet—
and plate, 1n thicknesses of 0.06k inch, 0.250 inch, and 0.750 inch, that
the ratios of bearing to temslle propertles for the with-grain direction
were essentl the same as previously proposed in NACA TN Nos. 901,

920, 974, and 981 for other high-strength, aluminum-alloy sheet and
plate, namely:

Ratios for ge dis o8

with-grain tests 1.5 x pin diam. 2 x pin diam.

Bearing ultimate
Tensile ultimate 1.5 1.9
Bearing yleld .
Tensile yleld 1.4 1.6

Aluminum Research Leboretorles . - - -
Aluminum Company of America -
New Kensington, Pa., January 20, 1947
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TABLE I
TENSILE PROPERITES OF 143 SHEET AND PLATE USED IN BRARING TESTS

[A11 values are aversge of two tests mads in accordance with A.8.T.M.
Stendards (E8-42). W indicates with grainj X indicates across grain]

Nominal Direction Tensile Bi‘:::sl%h Elongation
Alloy and temper Sample thickness of gtrength t o= 0.2 £ in 2 in.

(1n.) togt (pei) | (T pat) o V| toercent)
Aloled 148y Thli66 0.064 X 64,800 ko, koo 20.5
Li 65,800 47,400 21.2
Alclad 14T 7 .06k X 68,200 60, 700 9.5
per w 68,800 62,000 11.0
Alclad 148y g 250 X 64,500 39,800 19.0
- | W 65,200 k7,600 21.0
Alclad 143-T THTS 250 X 68,000 10.2
G W 69, 600 ?:ggg : 11.5
18w 79933 T30 X 66,500 43,900 16.0
W 69,600 18, 300 17.3
8-T 75958 20 X 70,600 62,800 8.3
W 71,600 63,800 9.8

205T *ON NI VOVK




TABLE IT

COMPARTSONS BETWERN WITH-GRATN AND CHOBS-GRATN STEERGTHS IN TERSION AND ERARTIG

Batios of ohserved with-grain to Rﬁﬁﬂgﬁnm“
Howrinal oross-grain properties typloal propexrties
Alloy end tempex thickneas
(in.) Tensils | Tengile Bearing ultimate Bearing yisla wenails | Tenaile
vithmte | yleld | o 31,5l [ o ufD| e =1.5D| 0 = 2D wltimate | yield
Alclad 1h8-W 0.064 1.02 L.17 1.0 1.03 1.02 1.02 1.10 | .06
Alolad 18T 064 1.01 1.02 .99 .93 97 .93 1.0% 1.0%
Alolad 1hs-W 250 1.01 1.20 97 1.08 1.00 1.0k 1.09 1.0%
m lhﬂ-'l' -% 1.02 1-07 -97 u% n97 -% 1-05' 1-03
he-w 750 1.0% 1.10 1.03 1.00 g7 .95 1.07 1.10
Lg-r TS0 1.01 1.02 96 1.00 9 1.00 1.01 1.05
m for W tw‘r 1.03 1.16 1.01 1.02 L.00 1.00 1.09 1-07
Average for T temper 1.01 1.04 97 97 .98 N 1.0k 1.04

COST °*oN NE VOVHE
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TABIE ITT :

ERARTNG STRENGTHS OF 1kS SHEET AND PLATE

Bearing strengths
(pa1)
Spocimen | pypention Blge distance = Eogo distance =  °
Alloy snd texper “"ﬁ:“;" of Test 1.5 x pin dismeter 2 % pin dimmeter
@ il Yie1a |Tywe of
£
Tdtimate &) ﬂdé\)u'e Tlbimate Tieas | P8 of
Alolad 1AS-W 0.06k b 4 1 10k, 100 66,000 8 131,300 78,000 8
(74466) 2 103, %00 63,500 8 131,300 ,000 ™
Ar 173:'65 E:'E 131,300 7,000
Alolad 148y -06h W 1 10%,900 %ooo 8 m,g 78,000 8
2 105,900 2900 B 129, 79,000 8
Ay, 105,900 ,(m 135;900 .500
Alolad 1487 06k b 4 1 110 86,000 8 133,100 107,000 8
(TRA6T) 2 mg',g 85300 8 121:100 102, 300 8
Av. 110,100 R 147,100 104,700
Aloled 148-T 06k W 1 mg,m g,ooo 8 134,700 200 8
2 109, ,000 8 1h9,700 500 8
Ar 109,600 § 79,500 142,200 " | 96,900
Alolad 1LAS-W 250 b 4 1 100,800 64,500 b3 129,%00 7,000 ™
(ThITH) 2 99,200 | 66,000 ™ | 19,600 | ;%0 | W
‘I’o 100,“10 35,3” 129;@ Trlw
Alolad 1AS-W 250 L 1 , 600 2,500 8 130,500 ,800 ™8
. 2 ,800 ;000 ™ 129,500 000 B
Axe 97,200 1600 130,000 m:m
Alolad 1hS-T 2950 b 4 1 10,000 8r,200 8 140,000 100,000 s
(TaN7s) 2 10k, 200 87,000 ] 133,600 ,000 ™
Av. 10k, 100 87,100 137,800 98,000
Alolad Mis-7 -£%0 w é 1128,000 %g g 1132,900 Sk, 000 T8
000 , ,000 95,000 b
&r. JDijo ,300 133'500 5‘,500
Uis-w -2%0 b 4 1 98,600 00 i) 131,600 65,000 8
(75933) 2 96,000 gzano s 131,700 81,700 g
Av. 97.300 53,700 131,700 83'm
S -£%0 w 1 100,600 100 ™ 130,000 k., %00 8
.2 99000 | %0 ™ | IRkloo I -
o | .80 | B.so =200 | 7,50
Lig-r 250 b 4 1 103,800 8%,000 b 136,900 o7 ™
(T5928) 2 101,600 | 83;900 8 k5,000 msjg 8
Av. 108, koo 84,000 k1,000 100, 700
1481 v 1 koo 8e =00 s 138,000 102,100 ™
= 2 gg:hoo 86,200 ™ 141,600 | 100,000 e
k. 98,500 84, koo 139,800 101,100

1All'beeri.n¢lpeoi-nlm21n. wide. Those of 0.06h-in. mmonmlwma%-mmmdpm; those
of 0.2350-in. Mam]mh&ma%—im-ﬂmterﬂnlrm-

EBeu'lngmlﬂ.st-mgbh correspanis to offset of 2 percent of pin dismmster on bearing stress-hole elongation curves.
3Bind.toatu-hmsbovopin. T8 indicates combipation of shear above pin and tensils fracturs through hole.
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TABLE IV
RATIOS OF AVERAGE BEARTNG TO TENBILE STHENGIHS

m,MMﬂsMMMMEum@MTm,Wmﬂeﬁddﬁmmﬁi

[BS, bearing ultimate strength; BYS, bearing yield strength;

Direotion

of
test

Eld8 2R 38 3% 8% SR
mmLLLLLLLLLLLL
¥
8|4
§x|2|98 95 28 83 3% 8%
4 ol m ol A a o o~ -~ [
o
{RP |
glE|en 78 33 28 By 38
At Hrd AMd Ad A AA
HE
£g
o282 9% BT BT 93 29
~l m — ! - - i e~ ~ =
M MHix M MiE MHx MkE

Honinal

thicknessa
(1n.)

0.06L

8

B

Alloy and temper

Aleled 148-W

Alclad 148-T

Alclad 148-W

Alclad 1A4S-T

148w

P E




TABIE Y

OCMPARIEGH (F EATIOS OF HEANTNG TO TERAITE STRESCTRY FOR 1A8 WITH

Batlos for edge dixbances of -

Hominal Direction
Alloy and temper ﬂ:;.ci:?nl 'l::b 1.5 x pin diaweter 2.0 X pin dlamstar
B fr8 HYB/rY8 6 /8 BYS/rs
Alslad 1h5-¥ 0.06% X 1.60 1.% 2.08 19
Alolad 1hS-TF 00k X 1.61 R 4 ) 2,16 1.
25y 064 I 1.h5 L. 1.90 L
™8T 064 ; 4 1.6 1. 2.0 1.7
Aclad 18- 064 v 1.6 1 .2.06 1.66
Alolad 1A8-F -064 v 1.59 1 2.% 1.6
2hg 2 .064 w L.sp lLa 1. 1.64
Alolad k8- - 06k v 1.m3 1. 2.00 156
%E a w 1..@5 Lke 1.83 1.5 -
. ¥ 1. 1. 1. 1.
Alolad 248181 064 v 1.54 L4 2.% 1.2
™7 .06 W 1.63 146 2.03 1.66
Alolad 1h8-W -850 X 1. © LG 2.01 1.
Alolsd 1ka-2 2% I ng "M 2.08 1.&
2ig-r «£70 I 1.0 .53 1.90 1.83
Alclad 168N .2%0 w L 1.k 2.00 L
Alolad Lk3-2 250 v 1."».3 R, Lg 1.3
ehg-r %0 w 1.43 | .23 1 L%
8-y <0 b 4 1.6 0 1.98 1.90
12 TS0 I Lhs L 2,00 1.60
il Ry T W 1.hb 1.3 1.83 1.3
b B 750 L] 1.38 1.3 1.95 1.
247 2,00 ‘ X- 158 1.56 1.97 1.Go
fhp.x £.00 ¥ 1.h5 1.5 1.76 1.7

oT

S0GT "ON NI VOVH
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hole elongations.

Figure 1.,- Arrangement for bearing tests. Microscope used for measurement of
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